Gradually we are abandoning the traditional notion that neurons alone play the melodies of the mind, leaving glial cells to clean up after the concert. Panatier et al. (2006) confirm that glia contribute to the ensemble and even show them taking a turn conducting the orchestra. In many respects, the conclusions reached by this study constitute the logical confluence of previous work in glial biology, receptor pharmacology, and synaptic physiology. By drawing these elements together so neatly in a relatively intact, physiologically controlled system, the authors make one of the strongest arguments yet that glia actively participate as players within, not just around, functional networks in the brain. They also show that the corequirement of NMDA receptors for glutamate and D-serine enables them to associate neuronal and glial activity, a new twist on classical learning rules that confers a kind of environmental sensitivity to synaptic plasticity. Given that astrocytic processes closely appose synaptic contacts in many areas of the brain (Haydon, 2001), such neuron-glia duets may be a common feature of other networks.
Gradually we are abandoning the traditional notion that neurons alone play the melodies of the mind, leaving glial cells to clean up after the concert. Panatier et al. (2006) confirm that glia contribute to the ensemble and even show them taking a turn conducting the orchestra. In many respects, the conclusions reached by this study constitute the logical confluence of previous work in glial biology, receptor pharmacology, and synaptic physiology. By drawing these elements together so neatly in a relatively intact, physiologically controlled system, the authors make one of the strongest arguments yet that glia actively participate as players within, not just around, functional networks in the brain. They also show that the corequirement of NMDA receptors for glutamate and D-serine enables them to associate neuronal and glial activity, a new twist on classical learning rules that confers a kind of environmental sensitivity to synaptic plasticity. Given that astrocytic processes closely appose synaptic contacts in many areas of the brain (Haydon, 2001) , such neuron-glia duets may be a common feature of other networks. Cell multiplication requires progression through the cell cycle, during which the chromosomes are replicated and distributed to the two daughter cells. Both DNA replication and chromosome segregation are complex processes that are best performed on intact chromosomes. Mechanisms to inhibit progression of the cell cycle when the chromosomes are damaged, termed checkpoints (Hartwell and Weinert, 1989) , may be universal to all cell types. The function of checkpoints is to assure an orderly progression through the cell cycle and to avoid the introduction of genetic errors or changes.
A new and remarkable checkpoint protein in prokaryotes is characterized by Bejerano-Sagie et al. (2006) in this issue of Cell. The authors provide evidence that this protein, which they call the DNA integrity scanning protein (DisA), scans the genome of Bacillus subtilis for damage and reports to the cell-cycle machinery.
The advent of convenient techniques to label proteins with fluorescent tags and the development of high-resolution microscopes have enabled researchers to detect the localization of specific proteins even in small microbial organisms. Bejerano-Sagie et al. (2006) tagged the DisA protein and followed its movements inside B. subtilis cells, which are only one micron across. The dynamics of DisA (which can be viewed in the online movies accompanying the paper)
DisA, a Busy Bee That Monitors chromosome Integrity
Erik Boye 1, are fascinating. During sporulation, DisA rapidly moves around in the cell hunting for its target, damaged DNA. Much like the antivirus program on a computer that searches for viruses on the hard drive, DisA continuously scoots over the chromosome, binds to lesions in DNA, and inhibits cell division.
Sporulation is a special form of cell division. Under conditions that are unfavorable for growth, B. subtilis cells pack their single chromosome into a resistant spore to await better times. The process of sporulation involves an asymmetric cell division, during which one copy of the chromosome is translocated into a polar part of the cell, called the forespore (Figure 1 ). During sporulation, chromosomal integrity is monitored, and it is at this stage that DisA is specifically produced. The authors show that DisA displays weak nonspecific binding to DNA and strong binding to sites of DNA damage. Most likely, several copies of the DisA protein are produced per cell, but they all combine into one complex and only rarely is more than one DisA complex detected per cell.
A master regulator of sporulation is Spo0A, which binds to numerous positions in the genome of B. subtilis. Depending on the gene, Spo0A either blocks or promotes the access of the RNA polymerase complex. Following nutrient starvation, Spo0A is phosphorylated, which leads to the expression of a number of genes essential for sporulation. In a process that is still uncharacterized, binding of DisA to a DNA lesion conveys a signal that inhibits phosphorylation of Spo0A (Bejerano-Sagie et al., 2006; Figure 1 ). This delays cell division and allows time for repair, thereby enhancing spore viability (Ireton and Grossman, 1994) .
Like many discoveries, the work by Bejerano-Sagie et al. (2006) generates more questions than answers. The DisA protein surely has more surprises in store. Future work on DisA may include its purification and the establishment of in vitro assays to determine its function. With the use of powerful high-throughput methods and cutting-edge imaging technology, this approach has lost popularity, but it will be required to reveal in detail what DisA is doing. For example, determining the type of DNA structure to which DisA binds with high affinity is a task ideal for in vitro experimentation. It is intriguing that exposure of B. subtilis cells to the yeast homothallic switching endonuclease (HO), nalidixic acid, or mitomycin C all induce the DisA-dependent checkpoint, halting the restless movement of DisA. The first two treatments create DNA strand breaks, whereas the latter causes damage to bases and DNA crosslinks. Yet all three trigger a repair mechanism involving recombination, which creates large regions of single-stranded DNA (ssDNA). In contrast, exposure to ultraviolet light, which induces only low levels of ssDNA during the repair process, does not induce the checkpoint or DisA binding to DNA. This suggests that DisA may bind to ssDNA, possibly covered with ssDNA binding proteins. This is a structure that is known to induce the DNA damage checkpoint in eukaryotes (Lisby et al., 2004) .
The mechanism of DisA mobility is particularly interesting. Can DisA, through its weak DNA binding activity, swing through the jungle of DNA strands in a densely packed chromosome? Or could DisA be transported along the actin-like fibers that have recently been identified in bacteria (Carballido-Lopez and Errington, 2003) ? The data presented by Bejerano-Sagie et al. (2006) seem to rule out both possibilities. For DisA to scan the entire chromosome, one would not want to limit its movement to the locations of a handful of predetermined fiber tracks. It is also possible that damaged DNA might present itself to DisA in an easily recognizable manner, clearly distinguishing it from regular undamaged DNA.
DisA was first discovered as a protein interacting with RacA, a protein known to attach the chromosomes to either of the cell poles (Ben Yehuda et al., 2003 ; Figure 1 ). The nature of the DisA-RacA interaction is not known but might provide a clue as to how DisA is operating and how it is propelled around in the cell. RacA is located at the cell poles and also along the entire length of the chromosome, where it figure 1. DisA and sporulation in Bacillus subtilis B. subtilis cells contain a single chromosome (black), which is replicated at the onset of sporulation. The daughter chromosomes (red and blue) are attached to the cell poles by RacA (orange dots) before an asymmetric septum is laid down, marking the forespore. At this stage DisA (green) scans the chromosome for DNA damage. The spore is formed after complete translocation of an intact chromosome into the forespore. DisA is usually left in the mother cell. (Inset) Starvation leads to activation of the sporulation-specific transcriptional activator Spo0A. Activation of Spo0A is blocked when DisA binds to chromosomal lesions. Following repair of the DNA lesions, sporulation can proceed.
orchestrates a restructuring of the chromosome into an axial filament. In the formation of an axial filament the chromosome extends all the way to the cell poles and its distribution in the cell narrows. It is possible that RacA both promotes the movement of DisA along the chromosome and facilitates the detection of DNA lesions.
After the first identification of a checkpoint in the bacterium Escherichia coli (Defais et al., 1971) , the characterization of checkpoint mechanisms has been largely confined to eukaryotic cells. The new work shows that the study of checkpoints in prokaryotes is far from exhausted. Future work may establish whether there are surveillance mechanisms in eukaryotes that mirror the dynamic behavior of DisA in scanning the genome for damage.
Ubiquitin signaling regulates a wide variety of cellular processes, including degradation of proteins, receptor endocytosis, DNA repair, gene transcription, virus budding, the cell cycle, inflammation, and immune responses (Haglund and Dikic, 2005) . Many of these functions are dependent on the action of ubiquitin E3 ligases, which catalyze the transfer of ubiquitin to a protein substrate, leading to distinct types of ubiquitin modifications of target proteins (such as monoubiquitination and polyubiquitination). Protein ubiquitination is a reversible process: Ubiquitin can be cleaved from its protein substrates by deubiquitinating enzymes (DUBs), also known as deubiquitinases. Thus, similar to protein phosphorylation, regulated ubiquitination and deubiquitination of specific substrates are instrumental in cellular signaling in vivo (Haglund and Dikic, 2005) . Therefore, it is not surprising that identification of substrates of E3 ligases and DUBs is a key step for better understanding many different biological functions. In this issue of Cell, Massoumi et al. (2006) provide molecular insight into the function of the deubiquitinase CYLD.
CYLD is a tumor suppressor gene mutated in familial cylindromatosis, also called "turban tumor syndrome," an autosomal-dominant condition that predisposes to multiple skin tumors (Bignell et al., 2000) . The gene product, CYLD, is a DUB recently implicated in modulation of the NF-κB pathway, a crucial mediator of immune responses and inflammation. Activation of the NF-κB master transcription factor is thought to occur via either a classical or an alternative pathway (Hayden and Ghosh, 2004) (Figure 1 ). The classical pathway is activated by a variety of inflammatory signals, for example TNF-α, interleukin-1, and lipopolysaccharide. The signal triggers activation of the IKK (inhibitor of NF-κB kinase) complex, which includes IKK-α, IKK-β, and IKK-γ (NEMO). This leads to phosphorylation, polyubiquitination, and eventually degradation of IκB protein (the cYLD in Ubiquitin signaling and Tumor Pathogenesis Fumiyo Ikeda 1 and Ivan Dikic 1, *
